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INTRODUCTION
Echocardiography can diagnose anatomical heart diseases such as left ventricular hypertrophy (LVH) more accurately than electrocardiography (ECG). However, heart disease is often diagnose by ECG before echocardiography, because the procedure is simple, widely accessible, inexpensive and echocardiography for obese and elderly patients can be difficult. 1, 2 LVH is a powerful predictor of cardiovascular morbidity and mortality. 3 Abnormal T waves and ST segment depression develop among patients with severe LVH that might be reflected in the ischemic heart. 4 Some studies have shown that hypertension for several years is associated with the development of ECG abnormalities that in turn are related to a higher left ventricular mass among patients without ischemic heart disease. [5] [6] [7] [8] These abnormalities are also associated with hypertension [9] [10] [11] and a poor prognosis. 3, 4, 12 Measuring blood pressure (BP) at home (home BP) allows the collection of multiple measurements under controlled conditions, and it is more reliable than conventional (office) BP measurements, because bias arising from both observer and regression dilution is avoided and the white-coat effect is eliminated. 13, 14 Cross-sectional and a prospective cohort studies have found that home BP measurement has stronger power for predicting target organ damage, morbidity and mortality than office BP measurement. 11, [15] [16] [17] [18] [19] Tsunoda et al. found that the degree of LVH determined by echocardiography was more closely associated with home than with office BP values among 209 hypertensive Japanese patients. 15 However, the relationship between home BP and LVH determined by ECG among treated patients in Japan is unclear. Niiranen et al. reported that the mean of morning and evening home BP measurements is more closely associated with LVH determined by ECG than by office BP among the general population in Finland. 11 However, they assessed their findings using univariate analysis and did not consider confounding factors such as patients' characteristics or drug information. 11, 15 This study uses multivariate analysis to compare relationships between each of morning home, evening home and office BP with LVH, abnormal T waves and ST segment depression determined by ECG among treated hypertensive Japanese patients.
METHODS Patients
We examined data from patients who had enrolled in the Japan Home versus Office Blood Pressure Measurement Evaluation in the Elderly (J-HOME-Elderly) study that investigated the influence of proper control of home BP on cardiovascular events and mortality among elderly hypertensive Japanese patients undergoing antihypertensive treatment other than Ca-channel blockers. Eligibility for this study comprised men or women aged X60 years who were diagnosed with hypertension by a physician and treated with antihypertensive drugs other than Ca-channel blockers. During December 2004, 8371 physicians randomly selected from all over Japan were invited to participate in this project. Of the 1553 who agreed to participate, 334 collected data for the study. By the end of November 2005, 1215 patients who provided written, informed consent to participate were enrolled in the study. Fifty-two patients who were o 60 years were excluded and 57 others were excluded as they had not received any antihypertensive treatment or had been treated with Ca-channel blockers. Another 15 were excluded because insufficient data about their BP values or their characteristics were provided. Therefore, population in the J-HOME-Elderly study was consisted of 1091 patients. In this analysis seventy-four patients with a history of ischemic heart disease, 24 with arrhythmia (including 4 treated with anti-arrhythmic agents), 4 with valvular disease and 4 treated with digitalis were further excluded, because these conditions might affect the wave on electrocardiograms. Of the remaining 985 patients, ECG data were accessible for 794 of them. Forty-five patients with left and right bundle branch block and two with pacemakers were also excluded. Thus, this study population comprised 747 patients. The characteristics of patients did not significantly differ between those included and excluded except for the proportion of heart diseases used as exclusion criteria (Table 1) .
Home BP measurements
The patients recorded home BP measured once every morning while seated, within 1 h of waking and after 1-2 min of rest but before ingesting medications and breakfast, and once every evening just before bedtime for a period 5 days according to Japanese guidelines. 14 Participating doctors distributed instructions regarding methods of measuring home BP to all of the patients before starting the study. We asked the doctors to provide data only from those patients who followed these instructions. Cuff oscillometry was applied using electronic upper arm-cuff devices. The Ministry of Health, Labour and Welfare, Japan has validated and approved all such devices in Japan. 20 The actual models were not described by the doctors who participated in the study, but all devices used to measure BP were certified as conforming to the Association for the Advancement of Medical Instrumentation (AAMI) standards. 21 The mean of all measurements recorded over the 5-day period was calculated for each patient and subsequently analyzed.
Office BP measurements
The BP values of the patients were consecutively measured twice while seated and after resting for 1-2 min during regular attendance at the participating institutions. Physicians (63.4%) or nurses (36.6%) used the auscultation method with a mercury (50.3%) or aneroid (4.9%) sphygmomanometer, or the cuff-oscillometric method with electronic arm-cuff devices (44.8%). The mean of four measurements at two clinic visits during the period of home measurements was defined as the office BP value for each patient and included in the analysis.
Electrocardiography
We collected copies of ECG data. Four technicians measured the QRS duration and amplitudes, which were then verified by an independent technician. We defined ECG-LVH as follows: Cornell voltage duration product ((RaV L +SV 3 )ÂQRS duration, in men; (RaV L +SV 3 +6)ÂQRS duration, in women) X2440 mmÂms, 22 or Sokolow-Lyon voltage (SV 1 +RV 5/6 ) X35 mm. 23 Abnormal T waves and ST segment depression were categorized based on Minnesota Codes. Abnormal T waves were categorized based on Minnesota Codes 5-1-3 (Code 5-1, T amplitude negative X5.0 mm in any of leads I, II, V 1 -V 6 and aV L when R amplitude is X5 mm, or aV F when QRS is mainly upright; code 5-2, T amplitude negative or diphasic (positive-negative or negative-positive type) with negative phase at least 1.0 mm but not as deep as 5.0 mm in any of leads I, II, V 1 -V 6 and aV L when R amplitude is X5 mm, or aV F when QRS is mainly upright; code 5-3, T amplitude zero (flat), or negative or diphasic (negative-positive type only) with o1.0 mm negative phase in lead I, II, V 3 -V 6 and aV L when R amplitude is X5 mm). 24 ST segment depression was categorized based on Minnesota Codes 4-1-3 (Code 4-1, STJ depression X1.0 mm and ST segment horizontal or downward sloping in any of leads I, II, V 1 -V 6 and aV L or aV F ; code 4-2, STJ depression X0.5 mm and less than 1.0 mm and ST segment horizontal or downward sloping in any of leads I, II, V 1 -V 6 , aV L or aV F ; code 4-3, no STJ depression as much as 0.5 mm, but ST segment downward sloping and a segment or T-wave nadir of X0.5 mm below P-R baseline in any of leads I, II, V 2 -V 6 or aV L ). 24 We also evaluated ECG strain, which was defined as the presence of typical strain when a downsloping convex ST segment with an inverted asymmetrical T wave with polarity opposite the QRS axis was present in leads V 5 or V 6 . 25 
Data collection and statistical analysis
Information about patients' characteristics and drug regimens were collected by a questionnaire administered by the attending physicians. Variables were compared using Student's t-test, the w 2 -test or logistic regression analysis as appropriate. In multivariate analysis, the model was adjusted for variables that were associated in the univariate analysis. If the model included evening home BP, it was additionally adjusted for 'before' or 'after' consuming alcoholic beverages and bathing because evening home BP was obviously affected by such activities in the evening. 26, 27 Data are shown as mean ± standard deviation (s.d.). A P-value of o0.05 was considered statistically significant. All data were statistically analyzed using the SAS package (version 9.1; SAS Institute, Cary, NC, USA).
RESULTS

Patients' characteristics
The mean values for morning and evening home, and mean office systolic BP (SBP)/diastolic BP (DBP) were 134.0 ± 14.1/78.0 ± 9.4, 127.3±13.8/72.8±8.7 and 138.0±15.3/77.4±9.0 mm Hg, respectively, among the 827 patients (mean age: 71.5±6.5 years; women 63.0%). LVH, abnormal T waves and ST segment depression were identified in 15.5, 18.9 and 5.8% of the patients, respectively (Table 1) .
ECG-LVH
Values for morning home SBP and DBP, and office SBP were higher among patients with ECG-LVH than those without ECG-LVH. Patients with ECG-LVH had a lower body mass index (BMI) and were less likely to be obese (BMI X25 kg m À2 ) ( Table 2) . Multivariate logistic regression analysis showed that ECG-LVH was more closely associated with values for morning home BP than with those for office or evening home BP (Table 3) .
The association between ECG-LVH and the cumulative number of home BP measurements is shown in Figure 1 . Morning home SBP values on day 1 were associated with ECG-LVH, independently of office SBP. The association between ECG-LVH and morning home SBP slightly increased with the cumulative number of morning home BP measurements, but the trend was not statistically significant. Conversely, the association between ECG-LVH and evening home SBP significantly increased with the cumulative number of evening home BP measurements. The trends for DBP were similar.
Abnormal T waves
Morning home, evening home and office BP values were higher among patients with abnormal T waves than those without abnormal T waves. Patients with abnormal T waves were also older, more likely to have a history of ischemic heart disease and less likely to take antihypertensive drugs in the evening (Table 2) . Multivariate logistic regression analysis showed that morning and evening home BP values were significantly and more closely associated with abnormal T waves than with office BP values. Morning home SBP values were also significantly and more closely associated with abnormal T waves than evening home SBP values (Table 3) . 
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Both morning home SBP and DBP values on day 1 were associated with abnormal T waves independently of office BP. The association between abnormal T waves and morning home BP significantly increased with the cumulative number of morning home BP measurements. The trend for evening home BP was similar (Figure 2 ).
ST segment depression
Morning home and office SBP values tended to be higher among patients with ST segment depression, than those without ST segment depression, although the differences did not reach significance ( Table 2) . Patients with ST segment depression were less likely to Abbreviations: CI, confidence interval; DBP, diastolic blood pressure; LVH, left ventricular hypertrophy; OR, odds ratio; SBP, systolic blood pressure. If models included evening home BP, data were further adjusted for BP measurements before or after bathing and before or after consuming alcohol. The variance inflations were 1.14-2.26. Therefore the possibilities of multicollinearity in this analysis was slight. a Models were adjusted for body mass index and office heart rate. b Models were adjusted for age and timing of taking medication in the evening. Figure 1 Adjusted ORs (95% CI) for LVH (present, 1; absent, 0) associated with cumulative home BP measurements. Models were adjusted for body mass index, office HR and office BP. If models included evening home BP, data were further adjusted for BP measurements before or after bathing and before or after consuming alcohol. OR, odds ratio; CI, confidence interval; LVH, left ventricular hypertrophy; HR, heart rate; SBP, systolic blood pressure; DBP, diastolic blood pressure. Figure 2 Adjusted ORs (95% CI) for abnormal T waves (present, 1; absent, 0) associated with cumulative home BP measurements. Models were adjusted for age, timing of taking medication in the evening and office BP. If models included evening home BP, data were further adjusted for BP measurements before or after bathing, and before or after consuming alcohol. OR, odds ratio; CI, confidence interval; SBP, systolic blood pressure; DBP, diastolic blood pressure.
Electrocardiographic abnormalities and home blood pressure T Shibamiya et al consume alcohol and more likely to take antihypertensive drugs in the morning.
ECG strain
Only 19 (2.5%) patients had ECG strain and they also had higher morning and evening home SBP in univariate analysis. Multivariate analysis showed that evening home SBP and morning home DBP were significantly associated with ECG strain, independently of office BP (data not shown).
DISCUSSION
This study found that morning home BP was more closely associated with ECG-LVH and abnormal T waves than office BP. Others have shown that target organ damage due to hypertension is more closely associated with home than with office BP. 11, [15] [16] [17] [18] [19] Home BP is usually measured under highly controlled conditions compared to office BP. Home BP was measured in this study according to Japanese guidelines, 14 which generates highly reproducible and reliable BP information. This is because the white-coat effect is eliminated and regression dilution bias, observer bias and environmental influences are excluded, which is difficult to achieve in the clinic or office setting. We postulate that these characteristics of home BP measurements explain the closer association between ECG abnormalities and home BP than with office BP. Only 2.5% of patients in this study had ECG strain. Therefore, further study is needed to evaluate the association of home BP values with ECG strain. We found that the association between home BP and ECG-LVH or abnormal T waves increased with the cumulative number of BP measurements, indicating that the association between home BP and ECG abnormalities partly depends upon the number of measurements. Others have also reported similar results. 11, 17 Although Niiranen et al. 11 reported that the correlation between the mean of morning and evening home BPs and ECG-LVH increases slightly with the number of home BP measurements, they did not assess the relationship between ECG-LVH and individual morning and evening home BP values. We found that morning home SBP on day 1, but not evening home SBP, was closely associated with ECG-LVH and abnormal T waves independently of office SBP, even for fewer home BP measurements. The Ohasama study found that even the first morning and evening home BP values were more powerful predictors of stroke than the mean of two office BP values. 28 The advantages of home BP might be due to the stability of the measurement environment.
Morning home BP was independently and more closely associated with ECG-LVH and abnormal T waves than evening home BP in this study. Kawabe and Saito 26 reported that BP is significantly lower when measured after than before bathing, and that evening home BP is lower when measured after compared to before consuming alcohol. 27 Therefore, the recent guidelines of the Japanese Society of Hypertension recommend that the effects of bathing and consuming alcohol should be considered when evaluating evening home BP, 14 but, even after such adjustment, ECG abnormalities were still more closely associated with morning than with evening home BP. Measurement conditions and other factors such as physical activity during the daytime might have more influence on evening than morning home BP. We found that morning home BP was associated with ECG abnormalities independently of office and evening home BP, which might arise because patients with ECG abnormalities could not control their BP over a 24-h period, especially in the morning. We suspected that patients with uncontrolled morning hypertension under antihypertensive therapy had masked hypertension associated with hypertensive target organ damage. 29, 30 Therefore, our findings indicate that morning home BP reflects the risk of cardiovascular events more accurately than either office or evening home BP in hypertensive patients undergoing appropriate treatment.
The limitations of this study are as follows. First, the patients in this study were taking antihypertensive medication other than Ca-channel blockers and some patients without ECG data had a higher BP, indicating some potential selection bias. Second, home BP measurements were not externally controlled, so compliance with the rules of home BP measurements was uncertain. However, the patients received instructions regarding methods of home BP measurements from participating doctors before starting the study. Therefore, the conditions of home BP measurements might be quite stable. We adjusted the multivariate analysis for evening bathing and the consumption of alcoholic beverages in the evening. Kawabe et al. 27 showed that a depressor effect of nighttime bathing persists for 60 min thereafter. Furthermore, although the effects of alcohol differ according to the amount consumed, 31 we could not adjust either the amount of consumed alcoholic beverages or the interval after bathing, because data about these parameters were not collected. Evening home BP might also be affected by the time and composition of evening meals. However, we simply asked the patients to measure evening home BP immediately before going to bed according to the Japanese guidelines, 32 and we did not collect data about the time and composition of evening meals. Therefore, the adjustment might be insufficient. Third, office BP was measured after 1-2 min of rest, which was shorter than the period recommended in the guidelines. 14 Therefore, office BP might be inaccurate. However, because this study was based on the environment of daily practice, these results might represent the reality of the daily clinical setting in Japan.
This study showed that morning home BP was independently and more closely associated with ECG-LVH and abnormal T waves than either office BP or evening BP among elderly Japanese patients undergoing antihypertensive treatment. Further prospective studies are required to assess whether home BP predicts the regression of these ECG abnormalities.
